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Abstract. An experiment shows that colours have an influence on the in- 
terpretation of noise maps. We compared the effects of seven colour scales, 
four with a transition from light to bright colours and three consisting only 
of bright colours. According to the results bright scales cause that noise 
pollution is assessed higher while we did not find any effects of cool, warm 
or signal colours like red. The outcomes give crucial insights for further 
research on the development of colour scales for specific scenarios like the 
presentation of environmental information and public participation. 
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1. Introduction 

Noise mapping has been obligatory in Europe since the year 2002, when 
the European Union adopted the Environmental Noise Directive (END). 
Si nee then noise maps have to be drawn up every five years by the member 
states. 

Noise maps are the main source for informing the public about environ- 
mental noise and are also the basis for noise action plans. According to the 
END the information on noise should be "clear, comprehensible and acces- 
sible" for the public (2002/49/EC, article 9/2). Anyhow, examples 
throughout Europe lack appropriate and satisfactory cartographic presenta- 
tion. Especially the colour scale representing noise pressure level is object 
of discussion (e.g. Alberts & Alferez 2012, Schiewe & Weninger 2013). It is 
based on the ISO 1996:2 from 1987. Although the description of colours is 
not part of the second version (2007), variations of the original scale are 
still in use in many countries such as e.g. Germany, Austria, Switzerland, 
Scotland, Northern Ireland, Malta. The problem with the scale is that the 



colours cannot be intuitively put in order because as Figure lshows, seven 
different hues are used that differ strongly in lightness. Different hues 
should rather be used for qualitative scales instead (Brewer 1994) unless 
there i s a cl ear and systemati c change i n I i ghtness that i ndi cates an order. 

Because colour is the major graphical variablefor displaying noise pressure 
levels as isophones (equal loudness contours) in maps, our research aims at 
creating and testing an alternative colour scale. Our approach is to test 
principle requirements and alternative scales in user studies. Therefore, we 
conducted an experiment to explore the effects of colour on the i nterpreta- 
ti on of noise maps. Results will deliver insights for the further development 
of the scale. 

Lightness 



oooooooo 




40 
45 
50 
55 
60 
65 
70 
75 
SO 



Figure L Colour scale as proposed by I SO 1996:2 (1987): colours cannot be intui- 
tively ranked (Schiewe& Weninger 2013) 



2. Background and Objectives 

Principles in colour design for maps have been defined for instance by 
MacEachren (1995) and Brewer (eg. 1992, 1994). Levkowitz defines that 
colours of a scale should (1) „preservethe order of the original values"; (2) 
"convey uniformity among values they are representing, and representative 
distances between them; and (3) create no artificial boundaries that do not 
exist in the original data". (1996: 97) The principles order and separation 
are also specified byTrumbo (1981). 

However, practical experiences show that "color is a cartographic quag- 
mi re" (M on monier 1996). Reasons for this are e.g.: 



• Brewer palettes are finite (Wijffelaarsetal. 2008); 

• nature of data varies strongly for different use cases and can beeg. log- 
arithmic, sequential, diverging, or qualitative(Harrower et al. 2003); 

• different output devices lead to different presentations of colours. 

• „The more complex the spatial pattern of the maps, the harder it will be 
to distinguish slightly different colours" ( H ar rower et al. 2003: 32). 

Consequently "colour specifications in ColorBrewer should never be treated 
as ironclad guarantees since colour reproduction (weather on screen or in 
print) is an inexact science" (Harrower et al. 2003: 33). Colour schemes 
have to be adapted to the use case and respective data. Our requirements 
for the colour scale representing noise pressure level, put in three groups, 
hence are: 

1 Individual colours of the scale should be distinguishable in different 
scales and object size; 

2. the col ours of the scale should be easily assignable to the legend, and 

3. the colours should be intuitively assigned to the values they represent 
and to their referring qualities. They should not lead to an under- or 
overestimation of the presented traffic noise situation. 

The thi rd requi rement i s subj ect to thi s paper. 

Generally it is agreed that hue is used to express qualitative information 
and value and saturation to express quantitative information. Colour hue 
discriminability, according to Luria et al. (1996, cited in MacEachren 1995), 
is "truly astronomical" for up to around ten colours, but drops rapidly as the 
number of colours rises. According to this fact we decided to develop and 
test not a sequential scale but a multi-hue scale to enhance discriminability 
(requirement 1). 

Challenges are that perception of colours is influenced by surrounding col- 
ours. This phenomenon is called simultaneous contrast (Albers 1970, 
Monmonier 1996, Lyons et al. 2000). For instance, orange adjacent to red 
will seem more yellow while it seems more red adjacent to yellow (Lyons 
2000). Simultaneous contrast can also cause problems to assign object col- 
ours to the map legend, especially if dark areas surround light areas. The 
colours of the light areas are thus difficult to discriminate (Brewer et al. 
1997). Therefore, scales were developed that do only consist of bright col- 
ours. But (how) does the use of bright colours effect the interpretation of 
map content i n contrast to I i ght col ours? 

Cleveland et al. (1983) conducted experiments on color-caused optical illu- 
sions and evaluated the effect of color on the perceived size of objects. He 
compared maps in light colors (light yellow and green) with maps in bright 
colors (red and dark green). The results showed that red objects were 



judged bigger than green regions "even though the regions were the same 
size" (Cleveland et al. 1983: 104). "No such consistent distortion occurred 
when the low-saturation brighter colors were used" (1983: 104). According 
to his study there are clear effects of colour on the interpretation of e.g. size. 
However, to our knowledge there are no other studies that examine these 
effects in depth for thematic mapping. Nevertheless, it is crucial to further 
explore and consider such effects when developing a colour scale represent- 
ing environmental information, otherwise this can result in misinterpreta- 
tion or over- or underestimation of the presented phenomena. 



3. Experimental Set-Up 

3.1 . Research Questions 

To explore the effects of colour on the interpretation of noise maps our re- 
search questions were: 

1 Does the colour representing noise pressure level influence the assess- 
ment of noi se pol I uti on? 

2. Does the colouring of the first class of the represented noise pressure 
level (colour/ no colour) influence the assessment of noise pol I uti on? 

Based on observations from related work and own experience we hypothe- 
sized that: 

HI Noise pollution is assessed higher if brighter colours are used, while it is 
assessed lower with pastel colours. 

H2 Noise pollution is assessed higher if reddish colours are used to present 
high values because red is a signal colour. 

H 3 Noise pollution is assessed lower if blue and green shades are used for 
the presentati on of the sound pressure I evel . 

H4 Noise pollution is assessed lower if the first class of noise pressure level 
is uncoloured, because users tend to assume that the absence of a graphic 
variable, i.e. colour, represents the class "no value". 

3.2. Study Design 

The experiment was set-up as a within-subjects field experiment with the 
general public as user group. Although we are aware of the fact that 
graphics are displayed differently on different screens, which has to be con- 
sidered in the experi ment's results, we decided to gain results that could be 
used for an application-oriented development of a colour scale. As noise 



maps are usually examined under manifold conditions on the internet, a 
f i el d experi ment seemed more appropri ate. 



Answers were not mandatory for every question thus data sets were count- 
ed as complete if participants have seen all questions not only if they an- 
swered all. The option "no answer" was given to avoid arbitrary answers. 

3.3. Tasks 

The tasks in the experiment were consistent with a realistic user scenario. 
Parti ci pants had to assess the noi se pol I uti on of each of the 56 map secti ons 
on a seal e from to 100 wi th the hel p of a si i der . 

Attention should be paid that the unit dB(A) that is used to descri be sound 
pressure level is logarithmic. Hence, no arithmetic mean of the displayed 
sound pressure level should be calculated. This complicates the assessment 
of noise pollution in a map section, because laymen are usually not aware of 
thisfact and areunableto estimate the value without knowing the formula. 
Therefore, we decided not to ask for the mean sound pressure level in dB(A) 
but for an estimation of the noise pollution on a scale from 0-100. Thus we 
also changed the labelling in the legend and specified only the lowest and 
highest classes. To counteract a learning effect the maps were randomized. 

Participants were introduced to the tasks by the graphic shown in Figure 2. 
It describes how certain levels of noise pollution (0, 50, and 100) look like 
and how the scale should be used. 
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Figure 2. 1 introduction to the tasks 
3.4. Stimuli 

The dependent variable was the effect of different colour scales on the as- 
sessment of noise pollution. The following three independent variables, 
referred to as factors, were assigned: colour scale, map section and the col- 
ouring of the first class of the displayed noise pressure level (Table 1). Be- 



cause of the 7x4x2 factorial design 56 runs were required, i.e. every partici- 
pant got to see 56 test maps. 



Factor 


Factor levels 


colour scale 


seven scales (Figure 3) 


map sections 


four different variations {Figure 4) 


colouring of noise pressure level's first class 


colour according to the scale or no colour 




56 variations in total 



Table L Overview of factors and factor levels. 



To gain reliable results, four of the seven used colour scales (Figure 3) 
were by Brewer (Brewer 2005). These scales follow a similar pattern: they 
are sequential, start with very light colours and are not designed for a cer- 
tai n use case. Therefore, we al so tested two seal es that were desi gned for the 
purpose of noise mapping (scale 5 and 6, Schieweetal. 2012). They are also 
sequential, but consist of brighter colours as described in Section 2. The 
seventh non-sequential scale is based on the ISO 1996:2 from 1987, is still 
proposed by the German Dl N 18005-part 2 and has to be used for strategic 
noise maps in Germany. All scales are multiple-hue scales, i.e. there are at 
least two hues involved. For interpretation the scales can be grouped as 
introduced below: 

• Four scales (1-4) start with very light pastel colours, 

• two consist of cool colours and two of warm colours, 

• threescales (5-7) consist of bright colours only. 



1:BrewerBuGn 2: Brewer OrRe 3: Brewer PuBu 4: Brewer YIOrRd 5:BWYePu 6: BWYeRe 7:DIN 18005-2 




Figure 3. The colour scales used in the experiment with colour codes for RGB and 
CMYK 



Four different map sections were used (Figure4, Figure5) that are based 
on data of a model city and thus unknown to the participants. They show 
sound pressure level for traffic and were chosen according to the difference 
of their equivalent continuous sound pressurelevel to facilitate a ran king of 



the maps from low to high. During the experiment the sections were rotated 
randomly to counteract recognition. 



The classes to display noise pollution are in accordance with German law 
(34. Bl mSchV) to construct a realistic user scenario: six classes with a size 
of 5dB(A). 




Figure 4. The map sections (reduced size) in the Brewer colour scaleYIOrRd 



As thi rd factor we vari ed the colour i ng of the f i rst class of the presented 
noise pressure level (Figure 5). In practice there is big variation, around 
70% of German's official noise maps show an uncoloured first class. De- 
pending on the information in the legend this may lead to misconceptions. 
Thus it was of our interest to gain insights if this has any effects on the in- 
terpretation. 




Figure 5. The map sections (reduced size) in the Brewer colour scaleYIOrRd with 
uncoloured first class 



3.5. Participants 

We recruited 81unpaid participants through personal e-mails, mailing lists 
and social network posts. 56 completed the experiment entirely (25 female, 
30 male, lno answer). 

Predominantly users were in the 21-40 year age group (72%), but also all 
other age groups were represented: 41-50 years with 6, 51-60 years and 61- 
70 with respectively 3 and over 71 years with 4 parti ci pants. 

96% of users live in the German language area. The remaining 4% of the 
participants - though not from German language area - were able to take 



part the experiment in German language and therefore their answers were 
also considered. 

13.3% male participants indicated that they had some kind of colour vision 
deficiency (CVD) that was diagnosed by a doctor, which was not the case 
with any female participants. This means that participants with CVD are a 
little overrepresented, because generally 8% of the male and 0.4% of the 
female population have some kind of colour vision deficiency (J enny & Kel- 
so 2007). Besides the question concerning CVD we showed two Ishihara 
(pseudoisochromatic) plates between the map readingtasks. Additionally to 
the four persons who already mentioned a CVD one other male participant 
was unable to identify both plates and 8 more participants were unable to 
identify one plate. Altogether 23% percent of the participants had problems 
to identify numbers in red and green under the conditions they conducted 
the experiment. Consequently, we have to consider that even more users 
than the 8% male users might have problems distinguishing content pre- 
sented in red and green due to different problems. 



4. Results 

The aim was to analyse the influence of different colour scales on the as- 
sessment of noise pollution and thus the interpretation of noise maps. We 
explored two research questions related to our objectives. 

1 Does the colour scale representing noise pressure level influence the 
assessment of noi se pol I uti on? 

The error bars in Figure 6 indicate that participants assessed a higher level 
of noise pollution if noise pressure level was presented in bright colours 
(scales 1-4). 

For the statistical analysis we used a non- parametric Kruskal-Wallis one- 
way analysis of variance that does not assume normal distribution, identical 
distribution and equal size of examined groups (Eckstein 2008). The test 
showed a significant effect of colour scales on the assessment of noise pollu- 
tion: H(6) =81918, p <.000; i.e. at least one of the scales leads to different 
effects than the other scales. Post- hoc pairwise comparison by means of 
Games- Howell -Test (for a lack of equal variances) showed that colour scales 
lto4 lead significantly to a lower estimation of noise pollution in the map 
sections than scales 5 to 7 (p < .000). 

Consequently, our hypothesis HI saying that noise pollution is assessed to 
be higher if brighter colours are used, while it is assessed lower if noise 
pressure level is presented in pastel colours is met. Whereas our results do 
not support our hypothesis H2 that noise pollution is assessed higher if red 



is used to present high values. The reddish scales 2 and 4 lead to a lower 
estimation in contrast to the bright reddish scales 5 and 6. Moreover, the 
cool scales with blue and green shades also did not show any effects in con- 
trast to reddish scales. Thus, the hypothesis (H3) that blue and green 
shades effect i n a I ower assessment was rej ected i n the experi ment. 
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Figure 6. Error bars with a 95% confidence interval for the mean of the estimation 
of noise pollution on the basis of seven colour scales (left) and for the effect of the 
colouring of noise pressure level's first class (right) 

2. Does the colouring of the first class of the represented noise pressure 
level (colour/ no colour) influence the assessment of noise pollution? 

According to error bars in Figure 6 there is no difference in the two groups. 
We found no evidence that the colouring of the first class influences the 
assessment of noise pollution. An independent samples t-test did not show 
any effects and rejected the null hypothesis: t(3001) = 1199, p = .231 
Hence our hypothesis H4 that a coloured first class leads to a higher as- 
sessment of noise pollution is not supported by the results. 



5. Discussion and Future Work 

This wi thin-subjects experiment showed an effect of colour scales for as- 
sessing noise maps. We examined a statistically significant difference be- 
tween light and bright scales, the latter lead to an estimated higher level of 
noise pollution that corresponds rather to the presented information. How- 
ever, colour shades I ike the signal colour red, or cool shades I ike green and 
blue did not show any effects. Unexpectedly also a variation in the colouring 
of the noise pressure level 's fi rst class did not show any effects on the inter- 
pretation. Obviously, the information in the legend was well understood. 



The experi ment showed that noi se pol I uti on was underesti mated, especi al I y 
when scales 1-4 were used that start with light colours. This could be coun- 
teracted if the colour scale would display the logarithmic nature of the data. 
Therefore, the distances between the colours should not be equal but in- 
creasing. 

The use of Ishihara plates showed that more participants than expected 
according to prevalent statistics had problems to distinguish red and green 
in at least one of the two presented plates. This does not necessarily indi- 
cate medical problems, but can also allude to "device-specific colour repro- 
duction and environmental conditions (dark room or sunlight)" (Steinruck- 
en & Plumer 2013: 20) which affected interpretation. Thus, if almost 25% of 
participants had "spontaneous CVD" this has to be considered in colour 
design for maps. 

Due to the set-up as a field experiment the results are applicable to the fur- 
ther development of colour scales. They are essential because they show 
how users can be influenced and maybe even manipulated with an inappro- 
priate choice of colour. Especially for the purpose of public participation 
and presentation of environmental information such a manipulation should 
be excluded. 

I n a next step we wi 1 1 ref i ne the col our seal es on the basi s of the above men- 
tioned results and conduct further experiments and studies to examine the 
suitability for the specific use case noise mapping. We put the focus on the 
suitability of multi-hue scales that are supposed to increasediscriminability 
and the adaptation to the data's logarithmic nature. 
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